ABSTRACT. Freeze-fracture replicas of the cisternal membranes of dictyosomes, large vesicle (LV) membranes and plasma membranes in the green alga, Micrasterias crux-melitensis, were examined by electron microscopy. Intramembrane particles were evenly distributed in the cisternal membranes in resting cells. In growing cells, the particle density decreased from the centre to the periphery of the cisternal membranes and was greatly diminished at the vesiculated parts. The particle density in LV membranes was about twenty percent that in cisternal membranes, but equivalent generally in the plasma membranes of growing daughter semicells. The possibility of the direct supply of LV membranes to the plasma membrane is discussed. In the plasma membranes of fully grown cells, rosette complexes with a hexagonal array were observed. Each rosette consisted of six particles. These complexes were assumed to correlate with microfibril formation in the cell wall.
Micrasterias
crux-melitensis, were examined by electron microscopy. Intramembrane particles were evenly distributed in the cisternal membranes in resting cells. In growing cells, the particle density decreased from the centre to the periphery of the cisternal membranes and was greatly diminished at the vesiculated parts. The particle density in LV membranes was about twenty percent that in cisternal membranes, but equivalent generally in the plasma membranes of growing daughter semicells. The possibility of the direct supply of LV membranes to the plasma membrane is discussed. In the plasma membranes of fully grown cells, rosette complexes with a hexagonal array were observed. Each rosette consisted of six particles. These complexes were assumed to correlate with microfibril formation in the cell wall.
Dictyosomes show the conspicuous structural changes during cell growth in Micrasterias crux-melitensis (23) . This structural change largely consists of the formation of large vesicles (LVs) at the margins of the dictyosomal cisternae. The LVs, in turn, may contribute to the formation of primary walls, adding their contents exocytotically to growing cell walls (22, 24) . Thus, the series of movements and transformations of dictyosomes and their derivative vesicles are closely related to cell wall synthesis. The behavior of dictyosomes and LVs during cell growth has been extensively studied by electron microscopy of thin sections (23) . However, these sections provide little information about the particles embedded in membranes. Recently, the structural relationship between cell wall microfibrils and plasma membrane particles has been pointed out using the freeze-fracture technique (10, 14, 16, 18, 19) . In our study, intramembrane particles of dictyosomes, LVs and plasma membranes were examined by the freeze-fracture technique in order to gain further insight into cell wall synthesis and related questions. •~ 60,000 
DISCUSSION
It has been clearly established that the vesicles formed by the Golgi apparatus exocytotically throw their contents off outside the plasma membrane. In root tip cells, slime and cell wall substances are brought to the cell surface by these vesicles (9, 11, 26) , as is also true in Micrasterias, both of which may be transported by the several kinds of vesicles derived from dictyosomes (12, 22, 23) . Among these vesicles, LVs may contribute greatly to the formation of primary walls or slime in growing cells of Micrasterias. LV formation was initiated by the vesiculation at marginal regions of distal dictyosomal cisternae. Freeze-fractured faces of LV-forming distal cisternae had characteristic particle distribution patterns, i.e. particle density was greatest at the centre, gradually decreasing towards the periphery and greatly diminished at the vesiculated regions. This low density in vesiculated regions suggests that membrane surfaces had increased perhaps accompanied by lipid synthesis or the incorporation of lipid molecules which did not include the migration of intramembrane particles from the centre towards the vesiculated regions. Mueller et al. (16) . The following reasons strongly suggest that the hexagonal arrays of Micrasterias crux-melitensis are not artefacts but may be involved in the production of cell wall microfibrils. 1) the rosette arrays were observed not only in fixed cells but also in unfixed cells not treated chemically ; 2) they appeared at a specific stage in the cell cycle where cells were actively synthesizing cellulosic microfibrils ; 3) the direction of the rosette arrays coincided with that of microfibrils occasionally found nearby; 4) the centre-to-centre distance was the same as that of microfibrils which were united into parallel bundles, and the number of arrays in groups was equal to the number of microfibrils in bundles. This interpretation on the rosette array made for Micrasterias crux-melitensis is in accord with those for Micrasterias denticulata (10, 14) .
